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Abstract 

Background: Young children with persistent wheezing pose a diagnostic and therapeutical challenge to the 
pediatrician. 

We aimed to evaluate bacterial bronchial infection as a possible reason for non response to conventional asthma 
therapy, and to identify and characterise the predominant pathogens involved. 

Methods: We retrospectively analysed microbiological and cytological findings in a selected population of young 
wheezers with symptoms unresponsive to inhaled corticosteroid (ICS) therapy, who underwent flexible 
bronchoscopy with bronchoalveolar lavage (BAL). Procedural measures were taken to limit contamination risk and 
quantitative bacterial culture of BAL fluid (significance cut-off > 10 4 colony-forming units/ml) was used. Modern 
microbiological methods were used for detection of a wide panel of pathogens and for characterisation of the 
bacterial isolates. 

Results: 33 children aged between 4 and 38 months, without structural anomalies of the conductive airways were 
evaluated. Significant bacterial BAL cultures were found in 48,5 % of patients. Haemophilus influenzae was isolated 
in 30,3 %, Streptococcus pneumoniae in 12,1 % and Moraxella catarrhalis in 12,1 %. All H. influenzae isolates were 
non-encapsulated strains and definitely distinguished from non-haemolytic H. haemolyticus. Respiratory viruses were 
detected in 21,9 % of cases with mixed bacterial-viral infection in 12,1 %. Cytology revealed a marked neutrophilic 
inflammation. 

Conclusions: Bacterial infection of the bronchial tree is common in persistent preschool wheezers and provides a 
possible explanation for non response to ICS therapy. Non-typeable H. influenzae seems to be the predominant 
pathogen involved, followed by S. pneumoniae and M. catarrhalis. 

Keywords: Preschool wheezing, Bronchial bacterial infection, Neutrophilic inflammation, Non-Typeable Haemophilus 
Influenzae 



Background 

Recurrent and/or persistent wheezing in young children 
is a major reason for use of pediatric healthcare 
resources [1,2]. Despite the high morbidity of persistent 
infantile wheezing, there are only few comprehensive 
studies in this domain, resulting in poor knowledge of 
the pathophysiology and a lack of efficacy data of 
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therapeutical interventions [3]. Although 3 pediatric 
asthma phenotypes have been described, in daily practice 
preschool wheezers remain a diagnostic and therapeutic 
challenge to the pediatrician [4,5]. 

Current asthma guidelines, recommend a trial with 
inhaled corticosteroids (ICS) in these children, based on 
the established pathophysiology of eosinophilic inflamma- 
tion and the proven efficacy in asthma in adults [2,6,7] . 

From clinical experience and scientific reports, it is ap- 
parent that preschool wheezers are a heterogeneous 
group of which only part will benefit from the use of 
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ICS [8-10]. Several authors recommend an extensive 
work-up in ICS non-responders, including gastro- 
oesophageal reflux and allergy testing, sweat chloride 
test and bronchoscopy with bronchoalveolar lavage 
(FOB + BAL) to evaluate for underlying structural anom- 
alies, comorbidities, underlying genetic disorders and an 
infectious etiology [2,5,6,9,10]. 

In this report, we describe the findings of FOB + BAL, 
in a selected group of young persistent wheezers without 
underlying structural anomalies. We focus on the micro- 
biological findings and discuss the possible pathophysi- 
ology of bronchial bacterial infection. 

Methods 

Patients 

Children with physician diagnosed, persistent wheezing 
unresponsive to ICS therapy, who underwent FOB + BAL 
between January 2005 and December 2007 were 
included. As a tertiary referral centre, we are referred 
children for further evaluation and treatment of persist- 
ent wheezing despite ICS treatment and anti-reflux ther- 
apy in those with demonstrated GERD. Our initial 
assessment includes a detailed history of disease, symp- 
toms, signs and treatment adherence, a check for the ap- 
propriateness of treatment administration and dosage, 
and a thorough physical examination. In children with- 
out any apparent explanation for persistent wheezing, a 
work-up, including FOB + BAL is conducted. In these 
cases, FOB + BAL is always performed under stable con- 
dition, outside episodes of acute infection or exacerba- 
tion of respiratory symptoms. 

Children with symptoms other than wheezing, such as 
chronic wet cough, recurrent bronchitis and stridor, 
being the main reason for FOB + BAL were excluded. 
Children with respiratory tract anomalies including 
malacia of the conductive airways, or with known under- 
lying chronic conditions, such as cystic fibrosis, primary 
ciliary dyskinesia, immune deficiency, bronchopulmon- 
ary dysplasia, congenital heart diseases and neuromuscu- 
lar disorders were also excluded. 

When available, results of allergy and reflux testing, 
data on anti-reflux therapy prior to FOB + BAL, familial 
history of allergy and asthma, a history of exposure to 
tobacco smoke, and the response to antibiotic treatment 
were recorded. Children with positive skin prick tests 
and/or elevated specific immunoglobulin E in blood 
were considered allergic. GERD was assessed by a posi- 
tive 24 hour-oesophageal pH measurement, interpreted 
according to gastroenterological criteria [11]. 

Flexible fibroscopic bronchoscopy with bronchoalveo- 
lar lavage: 

FOB and BAL-sampling were performed according to 
European Respiratory Society recommendations, as pre- 
viously described [12,13]. BAL-samples were divided into 



2 aliquots, which were immediately sent to the Micro- 
biology lab and the Hematology lab. 

Laboratory methods 
Microbiology 

Upon arrival in the lab, BAL-samples were processed for 
smear, bacterial culture, viral culture, and for the detec- 
tion of influenzavirus A and B; parainfluenzavirus types 
1, 2, 3; RSV; human metapneumovirus subtypes A and 
B; coronaviruses 229E and OC43, Mycoplasma pneumo- 
niae and Chlamydophila pneumoniae using an in-house 
multiplex Polymerase Chain Reaction (mPCR)- protocol, 
as described previously [13]. The performance of this 
test was assessed by regular participation in the external 
quality programme organised by QCMD (West of 
Scotland Science Park Glasgow G20 0XA Scotland, UK). 

Gram staining of smear and bacterial BAL-culture were 
performed according to standard methods [14,15]. 70 uL 
of BAL-fluid was centrifugated on a cytospin slide and 
Gram stained. Samples were considered representative of 
the lower airways, if >40 % of instilled volume was recov- 
ered and if < 1 % of nucleated cells are squamous epithe- 
lial cells on smear. Undiluted and 1 uL of a 1/1000 
dilution of BAL-fluid were inoculated on blood agar sup- 
plemented with X and V factors incubated at 35 °C in 
5 % CO2, MacConkey agar and mannitol salt agar incu- 
bated at 35 °C in air. Growth was assessed after 24 h, and 
after 48 h in case of no growth at 24 h. Results were 
reported in semi-quantitative terms, with a growth of po- 
tential pathogens of >10 4 cfu/ml considered significant. 

All H. influenzae and S. pneumoniae isolates were sent 
to the respective Belgian reference lab for capsular typ- 
ing as described elsewhere [13]. 

All NTHi isolates were discriminated from non- 
haemolytic Haemophilus haemolyticus (non-haemolytic 
H. haemolyticus) using molecular techniques [13]. 

Cytology 

BAL-fluid was transported to the laboratory in a silico- 
nized container on ice. The fluid was filtered through 
nylon gauze. After staining with brilliant cresyl blue, 
total nuclear cell counts were performed in a Biirker 
counting chamber under light microscopy at a magnifi- 
cation of 250x. A cell suspension of 2.10 6 cells/ ul was 
made in phosphate-buffered saline with 1 % bovine 
serum albumin (PBS-BSA). Cytocentrifuge preparations 
were made and stained by May-Griinwald Giemsa. Two 
hundred cells were examined for differential cell counts. 

Given that the median percentage of neutrophils in 
BAL-fluid of healthy children is 0.9-3.5 %, we chose to 
base our definition for neutrophilic inflammation in 
BAL-fluid on presence of > 10 % neutrophils in the cyto- 
logical differentiation, as previously done by Saito et al. 
[10,12]. 
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Statistics 

Statistical analyses were performed using SPSS IBM Sta- 
tistics version 19 software. Mann-Withney Test was used 
for equality of medians, with a 2-tailed p-value < 0.05 
considered statistically significant. Multiple comparisons 
were handled by the Holm's method. 

Ethics 

In all cases FOB + BAL was medically indicated. Full par- 
ental consent was obtained orally after explanation of 
the procedure, its benefits and its risks. 

Retrospective chart analysis was approved by the eth- 
ical committee of the Universitair Ziekenhuis Brussel 
(UZ Brussel). 

Results 

Thirty-three children, 12 girls and 21 boys with a me- 
dian age of 10 months (range 4-38 m), were assessed be- 
cause of unexplained persistent wheezing despite ICS 
therapy. Administrated ICS dosages ranged from 100- 
500 meg fluticasone daily or equivalent, with a variable 
treatment duration of 1-10 months. 

Table 1 summarises the characteristics of the study 
population with respect to allergy and reflux testing 
results, and familial and environmental risk factors for 
asthma. Only 7 of 13 (53.8 %) children suffering from 
gastro-oesophageal reflux disease (GERD), were treated 
for GERD prior to FOB + BAL. 

None of the children were treated with antibiotics in 
the 7 days prior to FOB + BAL. 

The FOB + BAL procedure was well tolerated in all 
children. 

Significant bacterial cultures were found in 16 of 33 
(48.5 %) children (Table 2). No significant differences in 
the number of positive BAL-cultures were seen in chil- 
dren with or without GERD. 

Aerobic bacteria were isolated as sole pathogen in 11 
of 33 (33.3 %) cases. Mixed bacterial-viral infection and 
mixed bacterial-atypical infection were found in 4 of 33 
(12.1 %) and in 1 of 33 (3.0 %) cases, respectively 
(Table 2). 

Considering only significant bacterial BAL-cultures, 
Haemophilus influenzae (H. influenzae), isolated from 



Table 1 Patients characteristics: comorbidities, and 
familial and environmental risk factors for asthma 



Characteristic n = 33 


Yes n (%) 


No n (%) 


Unknown n (%) 


allergy 


5 (15.2) 


24 (72.7) 


4(12.1 ) 


GERD 


1 3 (39.4) 


15 (45.5) 


5 (15.2) 


allergy/ asthma in 
first degree relatives 


14 (42.4) 


1 2 (36.4) 


7 (21.2) 


tobacco exposure 


3 (9.1) 


1 6 (48.5) 


14 (42.4) 



Table 2 Overview of microbiological results 

Mono- culture Co-infection Total 

n (%) n (%) n (%) 

Significant BAL-culture 11/33 (33.3) 5/33 (15.2) 16/33 (48.5) 



Haemophilus influenzae 


6 (18.2) e 


4 (12.1) a 


10 (30.3) 


Streptococcus pneumoniae 


1 (3.0) d 


3 (9.1) 


4 (12.1) 


Moraxella catarrhalis 


2 (6.1) 


2 (6.1 ) a 


4 (12.1) 


Staphylococcus aureus 


0 


1 (3.0) c 


1 (3.0) 


Escherichia coll 


2 (6.1 ) b 


0 


2 (6.1) 


Serratia marcescens 


0 


1 (3.0) c 


1 (3.0) 


Commensal flora 






1 5 (45.4) 


< 10 4 cfu/ml potential 
pathogens in BAL 






2(6.1) 


Viral infection n (%) 


5/32 (15.6) 


2/32 (6.3) 


7/32 (21.9) 


Respiratory syncytial virus 


2 a 


1 b 


3 


Adenovirus 


0 


1 b 


1 


Cytomegalovirus 


1 


0 


1 


Enterovirus (not polio) 


0 


1 c 


1 


Coronavirus E229 


1 d 


0 


1 


Human metapneumovirus 


I 


0 


1 


Parainfluenzavirus type 3 


0 


1 c 


1 


No viral infection 
detected n (%) 






25/32 (78.1 ) 


Atypical microorganism 


positive 


negative 


Total 


Mycoplasma pneumoniae 


1 e 


18 


1/19 


Chlamydophila pneumoniae 


0 


14/14 


0/14 


Co-infection: cases in which at least 2 infective agents of the same 



microbiological group were isolated. 

a,b,c,d,e |^j xec j infections: cases in which at least 2 infective agents of a different 
microbiological group were detected. Mixed infections are mentioned for each 
pathogen. 

10 of 33 (30.3 %) children, was the predominant bacteria 
found, followed by Streptococcus pneumoniae {S. pneu- 
moniae) and Moraxella catarrhalis (M. catarrhalis) 
(Table 2). Bacterial co-infection was found in 5 of 33 
(15.2 %) cases, including H. influenzae in 4 of these; 
twice with S. pneumoniae, once with M. catarrhalis and 
once with both 5. pneumoniae and M. catarrhalis, and 1 
co-infection with Staphylococcus aureus and Serratia 
marcescens (Table 2). 

Respiratory viruses were detected in 7 of 32 (21.9 %) 
cases, with predominance of respiratory syncytial virus 
(RSV) (Table 2). In 3 of 32 (9.4 %) cases the respiratory 
virus was the sole pathogen detected (Table 2). Myco- 
plasma pneumoniae was detected in 1 of 19 cases, in a 
mixed infection with H. influenzae (Table 2). 

Capsular typing of H. influenzae isolates revealed that 
all 10 isolates were non-encapsulated strains (NTHi). 
All 10 NTHi strains were evaluated for misidentifica- 
tion of non-haemolytic H. haemolyticus, and all were 
proven true NTHi. Nine of ten (90 %) NTHI isolates 
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were p-lactamase negative and susceptible to ampicil- 
lin (MIC < lug/ml) and cefuroxime (MIC < lug/ml) [16]. 
The latter isolate was p-lactamase positive, with a MIC = 
2ug/ml for amoxicillin-clavulanate and MIC = 3ug/ml 
for cefuroxime. 

The 45. pneumoniae isolates were fully susceptible to 
penicillin and belonged to serogroups; ST 6, ST 9, ST 11 
and ST 19. 

Susceptibility based antibiotic treatment in patients 
with a significant BAL-culture is routine in our centre. 
In general, antibiotics are administered orally for 10 days 
(daily dose: 50-75 mg/kg for amoxicillin or amoxicillin- 
clavulanate). 7 Of 16 (43,8 %) patients responded well to 
treatment, in 3 of 16 (18,8 %) no change in symptoms 
was noted, and data were missing for 6 patients. In 4 of 
7 (57,1 %) responders however, symptoms relapsed 
within 2-3 weeks after completion of the antibiotic 
treatment. In one of these patients, FOB + BAL was 
repeated 70 days after the initial procedure. NTHi (>10 
colony forming units (cfu)/ml) that was present as sole 
pathogen in the first BAL fluid was cultured again to- 
gether with S. pneumoniae (>10 cfu/ml). 

The Total cell count (TCC) in BAL-fluid was high 
(median: 1055.5/mm 3 , IQR: 544.5/mm 3 - 2099.75/mm 3 ) 
and differential cytology revealed a neutrophilic inflam- 
mation in 24 of 28 (85.7 %) patients. 

Patients with a positive bacterial BAL-culture, had a 
significantly higher TTC (median 1893. 5/mm 3 , IQR 
829.7/mm 3 - 3479.5/mm 3 versus 787.0/mm 3 , IQR 283.5/ 
mm 3 - 1439. 5/mm 3 ; p = 0.023) compared to patients 
with a negative BAL-culture. Cytology of BAL-fluid dif- 
fered significantly between patients with NTHi isolated 
from BAL and patients with a negative BAL-culture 
(Table 3). 

Discussion 

In contrast to viral infections, which are known to be 
associated with wheezing in young children, bacterial 
infections have long been considered of no importance 
in asthma and wheezing, and antibiotic therapy is not 
recommended in current asthma treatment guidelines 
[17-20]. However, several studies suggest that bacteria 
might play a role in wheezing in young children 
[9,10,17,19,20]. Moreover, it is increasingly appreciated 
that the human body is home to an extended micro- 
biome, with asthmatic children harbouring different bac- 
teria and a less diverse mix compared to healthy 
children [21]. Characterisation of the predominant bac- 
teria in wheezing children is essential to understand the 
pathophysiology of persistent wheezing. 

Recently, tracheobronchomalacia has been shown to 
be highly associated with bronchial inflammation and 
bacterial infection in children with persistent respiratory 
symptoms [22]. Nevertheless, it remains unclear whether 



Table 3 Cytology of BAL in patients with NTHI-isolated 
from BAL compared to patients with negative 
BAL-culture 

BAL-culture: BAL-culture: p-value 
NTHi negative 



Total cell count (/mm 3 ) 
Neutrophils 

cells/mm 3 
% 

Lymphocytes 

cells/mm 3 

% 

cells/mm 3 

% 

cells/mm 3 
% 



2913.5 827.0 
(1307.0-6460.0) (344.5-1506.2) 



Eosinophils 



Alveolar 
macrophages* 



2179.0 
(318.1-5306.6) 

71.5 
(28.2-85.6) 



153.6 
(19.6-345.8) 

5.5 (3.4-9.0) 



0.0 (0.0-0.0) 
0.0 (0.0-0.0) 



547.5 
(115.0-891.2) 

22.5 
(8.25-44.0) 



162.3 
(63.7-448.8) 

24.5 
(14.0-47.5) 



19.7 
(2.6-88.5) 

6.0 (2.0-10.0) 



0.0 (0.0-0.65) 
0.0 (0.0-0.5) 



409.0 
(207.7-653.8) 

73.5 
(48.0-78.0) 



.003 



.014 

NS a 



NS a 

NS 
NS a 

NS 
.008" 



Values are expressed as median (IQR). 
* with epithelial cells included. 

a adjusted p-values for multiple comparisons by Holm's Method. 



bacterial infection is simply a consequence of impaired 
mucociliary clearance or whether it is an independent 
inflammatory stimulus in persistent wheezers. 

We hypothesized that bacterial infection might indeed 
be an independent inflammatory stimulus in persistent 
preschool wheezers, and chose to study a selected group 
of patients without structural anomalies of the conduct- 
ive airways. 

In our study, we found that bronchial bacterial in- 
fection is common in persistent preschool wheezers 
without apparent reasons for impaired mucociliary 
clearance, and that H .influenzae was the predominant 
aerobic pathogen isolated, followed by S. pneumoniae 
and M. catarrhalis. We also found frequent bacterial 
co-infection involving these 3 pathogens. Our find- 
ings corroborate observations of other authors, who 
also described the predominance of this bacterial triad 
in children with persistent or recurrent wheezing 
[9,10,19,20,23,24]. 

The frequent upper respiratory tract colonisation with 
these aerobic bacteria in children, may provide difficul- 
ties to discriminate between contamination and true 
bronchial infection [25]. However, we consider our 
results to reflect true bronchial infection, as we applied 
procedural methods, which were shown to limit strongly 
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the risk for contamination [13,20,26,27]. In particular, 
we chose to use a cut-off of >10 4 cfu/ml for bacterial 
BAL-culture, although in adults a cut-off of >10 3 cfu/ml 
has demonstrated to be discriminative [28,29]. The ap- 
plied cut-off was also used previously by others, studying 
children with chronic bronchitis [30]. Moreover, al- 
though FOB + BAL were only performed once in the ma- 
jority of patients, our results probably reflect chronic 
bronchial infection as all our samples were collected 
during stable clinical state. 

The presence of a significant increased neutrophilic in- 
flammation in BAL-fluid of those patients in which 
NTHi was cultured, as compared to patients with a 
negative BAL-culture, supports the hypothesis that bac- 
terial infection is indeed an inflammatory stimulus in 
children with persistent wheezing[24]. 

H. influenzae was the predominant aerobic bacterial 
pathogen, isolated in 30.3 % of our patients. Although 
previously other authors have had similar results, iso- 
lated strains of H. influenzae were never further charac- 
terised [9,10,20,23]. To our knowledge this is the first 
report that associates bronchial infection with non- 
typeable H. influenzae (NTHi) in young persistant 
wheezers. Identification of NTHi as the predominant 
pathogen further supports our hypothesis that persistent 
wheezers present an underlying inflammation induced 
by chronic bacterial infection. Chronic NTHI infection, 
resulting from the ability of NTHI to persist in the 
lower airways through several escape mechanisms from 
the host immune responses, has previously been reported 
by others [31-33]. Moreover, in the lower airways of 
patients with chronic obstructive lung disease, NTHI 
has been demonstrated to be a major inflammatory 
stimulus [31,34]. 

The poor response of symptoms to an in-vitro sus- 
ceptibility guided, adequately dosed antibiotic treatment 
that we found, is similar to poor response findings in 2 
other disease entities involving H. influenzae as a pre- 
dominant pathogen in children; recurrent and unre- 
sponsive otitis media and protracted bacterial bronchitis 
[35-38]. In the middle ear, biofilm formation has been 
demonstrated to be one of the major mechanisms for 
persistence and provides an explanation for unrespon- 
siveness to antibiotic therapy [39,40]. Moreover, biofilm 
formation and intracellular infection are well established 
mechanisms of NTHi for persistence in the lower air- 
ways [31-33]. Although our study does not provide evi- 
dence of biofilm formation in the lower airways of 
young unresponsive wheezers, our findings of poor re- 
sponse to and frequent relapse after a short course of 
antibiotic treatment are suggestive for involvement of 
biofilm. Biofilm formation should be addressed in future 
studies, because its presence may have consequences 
for treatment. 



The strength of our study is the exhaustive microbio- 
logical evaluation with use of semi-quantitative BAL- 
cultures, multiplex-PCR (mPCR) for viral and atypical 
agents, and thorough characterisation of the isolated H. 
influenzae strains. However, we may have missed some 
cases of viral infection because human rhinovirus was 
not included in the applied PCR-protocol. 

The major weakness of our study is its retrospective 
character and the absence of an age-matched control 
group. However, reports, from prospective conducted 
studies without profound characterisation of the isolates, 
describing association between wheezing and bacterial 
infection support our findings [10,19,22]. The absence of 
a control group is considered a minor weakness, as pre- 
vious publications have demonstrated the limited risk 
for contamination of BAL when technical precautions 
are taken [13,20,26,27]. Moreover, performance of FOB + 
BAL is considered unethical in healthy children [10,12]. 

Another limitation is the small patient cohort. Due to 
the multiple exclusion criteria applied, the patients 
included in the analysis represented only 1,2 % of chil- 
dren seen in our clinic because of persistent respiratory 
symptoms. Nevertheless, analysis of this highly selected 
population without structural causes of impaired mucus 
clearance, enabled us to evaluate the association between 
bacterial bronchial infection, neutrophilic inflammation 
and symptoms resistant to ICS therapy. 

Conclusions 

In preschool children with persistent wheezing unre- 
sponsive to adequate inhaled asthma treatment, bac- 
terial infection is frequent, with NTHi, S. pneumoniae 
and M. catarrhalis being the main pathogens involved. 
These microbiological findings and the presence of a 
pronounced neutrophilic inflammation in BAL-fluid, 
sampled in patients not presenting an acute exacerbation 
episode, favours the hypothesis that chronic bacterial in- 
fection is an ongoing inflammatory stimulus providing a 
possible explanation for persistent wheezing despite ICS 
therapy in these young patients. These elements suggest 
that the use of antibiotic treatment, although not cur- 
rently recommended, should be considered in selected 
young children presenting with chronic wheezing. How- 
ever, as these patients are indistinguishable without the 
use of invasive procedures, and biofilm formation and 
other escape mechanisms may decrease the bactericidal 
efficacy of antibiotic treatment, additional research is ne- 
cessary before specific treatment recommendations can 
be provided. Future research should focus on popula- 
tion characteristics, determination of risk factors for ac- 
quisition of bacterial bronchial infection, pathogenicity 
mechanisms of chronic bronchial infection and possible 
prevention and treatment strategies. 



De Schutter et al. BMC Pediatrics 2012, 12:83 
http://www.biomedcentral.com/1471-2431/12/83 



Page 6 of 7 



Abbreviations 

BAL: BronchoAlveolar Lavage; CFU: Colony-Forming Unit; FOB: Flexible 
Fibroscopic Bronchoscopy; GERD: Gastro-Oesophageal Reflux Disease; 
ICS: Inhaled Corticosteroid; mPCR: Multiplex Polymerase Chain Reaction; 
NTHi: Non-Typeable Haemophilus Influenzae; TCC: Total Cell Count. 

Competing interests 

AM and IDS have participated in advisory boards on pneumococcal diseases 
and vaccines for Wyeth-Pfizer and GSK. IDS has participated in advisory 
boards on NTHi for GSK. AM, IDS and JV are member of a steering 
committee of a research project sponsored by Wyeth-Pfizer and AM is 
coordinating a steering committee of a research project sponsored by 
Wyeth-Pfizer. AM has been a speaker for Wyeth-Pfizer and/ or GSK on 
pneumococcal diseases and epidemiology. IDS has been a speaker for 
Pfizer on pneumococcal pneumonia. JV is heading the national reference 
laboratory for 5. pneumoniae that received grants from Wyeth-Pfizer and 
GSK for serotyping isolates of IPD studies. DP received travel grants from 
Janssen-Cilag, Wyeth and Pfizer and support for a research project 
concerning antibiotic susceptibility of anaerobes from Pfizer, Astra-Zeneca 
and Bayer. All other authors declared no conflicts of interest. 

Acknowledgements 

We acknowledge Prof. Jean De Schepper, M.D., PhD.; Dept. of Pediatrics, 
Pediatric Endocrinology , UZ Brussel for helping out with statistics and Jos 
Bellens, M.D.; Department of Medical Informatics, UZ Brussel for his help with 
database production. 

Author details 

'Department of Pediatric Pulmonology, CF-Clinic and Pediatric Infectious 
Diseases, Universitair Ziekenhuis Brussel (UZ Brussel), Brussels, Belgium, 
department of Microbiology and Infection Control, Universitair Ziekenhuis 
Brussel (UZ Brussel), Brussels, Belgium. 3 Department of Hematology, 
Universitair Ziekenhuis Brussel (UZ Brussel), Brussels, Belgium. 4 Department of 
Microbiology, CHU St. Pierre, Brussels, Belgium, department of Microbiology, 
UZ, Gasthuisberg, Leuven, Belgium. 

Authors' contributions 

All authors substantially contributed to the study, with regards to design, 
conduction, analysis of the results and/or manuscript preparation. IDS, AD 
and AM have contributed to all the aspects of the work: conception and 
design, data retrieval and analysis, and preparation of the manuscript. OS, 
MOW, FC, JV and DP have contributed to acquisition and analysis of the 
data, and have critically reviewed the manuscript. All co-authors have 
approved the final version of the manuscript. 

Funding 

This study was supported by an unrestricted scientific grant from GSK 
Biologicals. The grant enabled us to engage an independent data nurse for 
retrieval of the microbiological data and database-cleaning. 

Received: 26 January 2012 Accepted: 22 June 2012 
Published: 22 June 2012 

References 

1 . Kocevar VS, Bisgaard H, Jonsson L, Valorvirta E, Kristensen F, Yin DD, Thomas 
J 3rd: Variations in pediatric asthma hospitalization rates and costs 
between and within Nordic Countries. Chest 2004, 1 25(5):1 680-1 684. 

2. GINA Pocket Guide for Asthma Management and Prevention in Children 5 
years and younger: The Global Initiative For Asthma. 2009. httpyVwww. 
ginasthma.org/Guidelines_pocket_guide_for 
_asthma_management_and_prevention_in.html. 

3. Bisgaard H: Persistent wheezing in very young preschool children reflects 
lower respiratory inflammation. Am J Respir Crit Care Med 2001, 
163(63:1290-1291. 

4. Martinez FD: Development of wheezing disorders and asthma in 
preschool children. Pediatrics 2002, 109(2)362-367. 

5. Chipps BE: Evaluation of infants and children with refractory lower 
respiratory tract symptoms. Ann Allergy Asthma Immunol 2010, 
104:279-283. 

6. British Thoracic Society, Scottish Intercollegiate Guidelines Network: British 
Guideline on the Management of Asthma. A national Clinical Guideline. 



Revised Edition. 2007. httpy/www.brit-thoracic.org.uk/Portals/O/Guidelines/ 
AsthmaGuidelines/PreviousAsthmaGuidelines/asthma_fullguideline2007.pdf. 

7. Sly PD: Objective assessment of lung disease in wheezy infants: the time 
has come. Pediatr Pulmonol 2006, 41 (8):798-800. 

8. De Jongste JC, Janssens HM, Van der Wouden J: Effectiveness of 
phamacotherapy in asthmatic preschool children. Allergy 2002, 
57(suppl 74):42-47. 

9. Saglani S, Nicholson AG, Scallan M, Balfour-Lynn I, Rosenthal M, Payne DN, 
Bush A: Investigation of young children with severe recurrent wheeze: 
any clinical benefit? Eur Respir J 2006, 27:29-35. 

10. Saito J, Harris WT, Gelfond J, Noah TL, Leigh MW, Johnson R, Davis SD: 
Physiologic, bronchoscopic and bronchoalveolar lavage fluid findings in 
young children with recurrent wheeze and cough. Pediatr Pulmonol 2006, 
41(83:709-719. 

1 1 . Rudolph CD, Mazur U, Liptak GS, Baker RD, Boyle JT, Colletti RB, Gerson WT, 
Werlin SL: Guidelines for evaluation and treatment of gastroesophageal 
reflux in infants and children: recommendations of the North American 
Society for Pediatric Gastroenterology and Nutrition. J Pediatr 
Gastroenterol Nutr 2001 , 32(Suppl 2)51-531. 

12. De Blic J, Midulla F, Barbato A, Clement A, Dab I, Eber E, Green C, Grigg J, 
Kotecha S, Kurland G, Pohunek P, Ratjen F, Rossi G: Bronchoalveolar 
lavage in children ERS Task Force on bronchoalveolar lavage 

in children. European Respiratory Society. Eur Respir J 2000, 
15(1)217-231. 

1 3. De Schutter I, De Wachter E, Crokaert F, Verhaegen J, Soetens O, Pierard D, 
Malfroot A: Microbiology of bronchoalveolar lavage fluid in children with 
acute non-responding or recurrent community-acquired pneumonia: 
Identification of nontypeable haemophilus influenzae as a major 
pathogen. Clin Infect Dis 201 1, 52:1437-1444. 

14. Chapter 3.2.1: Gram stain. In Clinical Microbiology Procedures Handbook. 
Volume 1. 3rd edition and 2007 update. Edited by Garcia LS. Washington DC: 
ASM Press; 2010:3.2.1.1-3.2.1.23. 

15. Chapter 3.1 1.2: Lower respiratory tract cultures. In Clinical Microbiology 
Procedures Handbook. Volume I. 3rd edition and 2007 update. Edited by 
Garcia LS. Washington DC: ASM Press; 2010:3.1 1.2.1-3.1 1.2.20. 

16. European Committee on Antimicrobial Susceptibility Testing: Breakpoint 
tables for interpretation of MICS and zone diameters. Version 7.3. 201 1 . 
www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/ 
Breakpoint_table_v_2.0_120221.pdf. 

1 7. Guibert TW, Denlinger LC: Role of infection in the development and 
exacerbation of asthma. Expert Rev Respir Med 2010, 4(13:71-83. 

18. Jarrti T, Lehtinen P, Vuorinen T, Osterback R, van den Hoogen B, Osterhaus 
AD, Ruuskanen O: Respiratory picornaviruses and respiratory syncytial 
virus as causative agents of acute expiratory wheezing in children. Emerg 
Infect Dis 2004, 1 0(6):1 095-1 101. 

19. Bisgaard H, Northman Hermansen M, Bonnelykke K, Stokholm J, Baty F, 
Lassen Skytt N, Aniscenko J, Kebadze T, Johnston SL: Association of 
bacteria and viruses with wheezy episodes in young children, prospective 
birth cohort study 2010, 341:c4978. 

20. Fayon M, Just J, Vu Thien H, Chiba T, Pascual L, Sandouk G, Grimfeld A: 
Bacterial flora of the lower respiratory tract in children with bronchial 
asthma. Acta Paediatr 1999, 88:1216-1222. 

21. Couzin-Frankel J: Bacteria and asthma: Untangling the links. Science 2010, 
330(6008):! 168-1 169. 

22. De Baets F, De Schutter I, Aarts C, Haerynck F, Van daele S, De Wachter E, 
Malfroot A, Schelstraete P: Malacia, inflammation and BAL culture in 
children with persistent respiratory symptoms. Eur Respir J 2012, 
39:392-395. 

23. Le Bourgeois M, Goncalves M, Le Clainche L, Benoist MR, Fournet JC, 
Scheinmann P, de Blic J: Bronchoalveolar cells in children <3 years old 
with severe recurrent wheezing. Chest 2002, 122:791-797. 

24. Marguet C, Jouen-Boedes F, Dean TP, Warner JO: Bronchoalveolar cell 
profiles in children with asthma, infantile wheeze, chronic cough or 
cystic fibrosis. Am J Respir Crit Care Med 1999, 159(5 Pt 1):1 533-1 540. 

25. Bisgaard H, Hermansen MN, Buchvald F, Loland F, Halkjaer LB, Bonnelykke K, 
Brasholt M, Heltberg A, Vissing NH, Thorsen SV, Stage M, Pipper CB: 
Childhood asthma after bacterial colonization of the airway in neonates. 
N Engl J Med 2007, 357(1 5):1 487-1 495. 

26. Rasmussen TR, Korsgaard J, Moller JK, Sommer T, Kilian M: Quantitative 
culture of bronchoalveolar lavage fluid in community-acquired lower 
respiratory tract infections. Respir Med 2001 , 95(1 1):885-890. 



De Schutter et al. BMC Pediatrics 2012, 12:83 
http://www.biomedcentral.com/1471-2431/12/83 



Page 7 of 7 



27. Kirkpatrick MB, Bass JB Jr: Quantitative bacterial cultures of 
bronchoalveolar lavage fluids and protected brush catheter specimens 
from normal subjects. Am Rev Pespir Dis 1989, 139(2):546-548. 

28. Loens K, Van Heirstraeten L, Malhotra-Kumar S, Goossens H, Leven M: 
Optimal sampling sites and methods for detection of pathogens 
possibly causing community-acquired lower respiratory tract infections. 
J Clin Microbiol 2009, 47(1)21-31. 

29. Mukundan D, Ecevit Z, Patel (VI, Marrs CF, Gilsdorf JR: Pharyngeal 
colonization dynamics of Haemophilus influenzae and Haemophilus 
haemolyticus in healthy adult carriers. J Clin Microbiol 2007, 
45(10):3207-3217. 

30. Zgherea D, Pagala S, Mendiratta M, Marcus MG, Shelov SP, Kazachkov M: 
Bronchoscopic findings in children with chronic wet cough. Pediatrics 
2012, 129(2):e364-369. 

31. Cholon DM, Cutter D, Richardson K, Sethi S, Murphy TF, Look DC, St Geme 
JW 3rd: Serial isolates of persistent Haemophilus influenzae in patients 
with chronic obstructive pulmonary disease express diminishing 
quantities of the HMW1 and HMW2 adhesines. Infect Immun 2008, 
76(10):4463-4468. 

32. Murphy TF: Respiratory infections caused by non-typeable Haemophilus 
influenzae. Curr Opin Infect Dis 2003, 16(2):1 29-1 34. 

33. Murphy TF, Kirkham C: Biofilm formation by nontypeable Haemophilus 
influenzae: strain variability, outer membrane antigen expression and 
role of pili. BMC Microbiol 2002, 2:7-1 5. 

34. Eldika N, Sethi S: Role of nontypeable Haemophilus influenzae in 
exacerbations and progression of chronic obstructive pulmonary 
disease. Curr Opin Pulm Med 2006, 12(2):1 18-124. 

35. Leibowitz E, Jacobs MR, Dagan R: Haemophilus influenzae: a significant 
pathogen in acute otitis media. Pediatr Infect Dis J 2004, 23(1 2):1 142-52. 

36. Aquilar L, Alvarado O, Soley C, Abdelnour A, Dagan R, Arquedas A: 
Microbiology of the middle ear fluid in Costa Rican children between 
2002 and 2007. Int J Pediatr Otorhinolaryngol 2009, 73(1 0):1 407-1 41 1. 

37. Chang AB, Redding GJ, Everard ML: Chronic Wet Cough: Protracted 
Bronchitis, Chronic Suppurative Lung Disease and Bronchiectasis. Ped 
Pulmonol 2008, 43(6)519-531. 

38. Donnely D, Critchlow A, Everard ML: Outcomes in children treated for 
persistent bacterial bronchitis. Thorax 2007, 62(1)80-84. 

39. Moriyama S, Hotomi M, Shimada J, Billal DS, Fujihara K, Yamanaka N: 
Formation of biofilm by Haemophilus influenzae isolated from pediatric 
intractable otitis media. Auris Nasus Larynx 2009, 36(5)525-531. 

40. Murphy TF, Faden H, Bakaletz LO, Kyd JM, Forsgren A, Campos J, Virji M, 
Pelton SI: Nontypeable Haemophilus influenzae as a pathogen in 
children. Pediatr Infect Dis J 2009, 28(1)43-48. 

• 

doi:1 0.1 1 86/1 471 -243 1 -1 2-83 

Cite this article as: De Schutter ef al: In young children, persistent 
wheezing is associated with bronchial bacterial infection: a 
retrospective analysis. BMC Pediatrics 2012 12:83. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



